Dramatic improvements in functional materials are possible by means of nanostructures [1, 2] . Funda mental research into nanostructures over the past twenty years has resulted in significant modification of the traditional dislocational explanation of strength and plasticity [3] . Definite progress has already been made in terms of pure metals [4] . Considerable research is still required for multiphase composites [5] .
Single and double component electroexplosive surface alloying under the action of pulsed plasma jets results in satisfactory operational properties, thanks to the formation of nanostructural gradient states [6] . In particular, electroexplosive boriding, carburizing, car boboriding, aluminizing, and boroaluminizing of metals and alloys increases the surface microhardness by a factor of 2-14 [6, 7] .
In the present work, we analyze the contribution of the dislocational substructures formed in the electro explosive alloying of iron and nickel to the strengthen ing of the surface layers.
We analyze the following alloy systems by transmis sion diffractional electron microscopy [8] : Fe-Al, Ni-B, Ni-C, Ni-C+B, Fe-C+B, Fe-Cu, Ni-Cu, and Ni-Cu+B. The conditions of electroexplosive alloying are the same as in [6, 7] . Electroexplosive alloying combines the melting of surface metal layers, their saturation by the explosion products, and subse quent self quenching within a single technological cycle. In two component alloying, a weighed boron sample is placed in the explosion region.
In electroexplosive alloying, four characteristic layers are formed ( Fig. 1): (I) a thin (1 μm) surface nanocomposite layer, con sisting of carbide, boride, and aluminide particles (crystallite size 1-10 nm), depending on the type of alloying;
(II) an intermediate layer with cellular crystalliza tion; the cell diameter increases with the depth, while the size of the dividing layers is reduced; the crystallite size in those layers is 10-100 nm; (III) a boundary layer with granular structure; par ticles of hardening phase (size around 1 nm) are observed with the grains (size up to 1-10 μm);
(IV) a thin (1-2 μm) nanocrystalline layer with slight alloying at the boundary with the base: the size of the crystallites is 30-40 nm, and the size of the hardening phase particles is 3-5 nm.
In the case of single component alloying, the gran ular layer is primary (in terms of depth and volume). In the case of two component alloying, the cellular layer is primary (Fig. 1 ). Beyond that, we observe the ther mal influence zone. 
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absence of dislocations may be associated with at least two factors.
(1) The characteristic size of the crystallites, which are a major source of dislocations, may be less than the size of the Frank-Read source (2) A large content of boundaries creates image forces displacing the dislocations from the nanocrys tals [9] . That may be prevented by the Peierls forces (frictional forces), but they are small.
The characteristic size of the free nanocrystallite, below which the probability of mobile dislocations within the nanocrystallite is markedly reduced, was estimated in [4] . For prismatic dislocation loops and linear edge dislocations, the critical size is 5 and 2 nm, respectively, for iron, and 15 and 10 nm for nickel. In analyzing the dislocational structure in iron and nickel after electroexplosive alloying on the basis of those estimates, we must remember that we are not dealing with pure metals but with solid solutions and new phases (carbides, borides, etc.). The characteristic dimensions of dislocation free iron and nickel crystal lites are consistent with experimental data, according to which dimensions no greater than 40 nm are observed in layers I and IV.
In layer II, with cellular crystallization, disloca tions are only seen in the Ni-Cu+B system, with transverse cell dimensions greater than 500 nm. We observe dislocational chaos or a dislocational lattice structure with scalar density (3.0-3.5) × 10 10 cm -2 . In layer III, with granular structure, we see disloca tional lattice substructure or dislocational chaos sub structure (scalar density 5.4 × 10 10 cm -2 ) within the Fe(Al) solid solution grains in the Fe-Al system. In the Ni-B system, close to the base, the grains of dislo cational lattice, cellular-lattice, or band structure contain Ni(B) subgrain structure with (5-10) μm grains. Regardless of the type of dislocational sub structure, flexural extinction contours are seen in the grains, indicating considerable curvature and torsion of the nickel's crystal lattice. Intraphase and inter phase boundaries are responsible for the stress fields (as in other systems). In the Ni-C system, within the grains of Ni(C) solid solution (characteristic size around 10 μm), chaotic and lattice dislocational substructure is observed (scalar density around 4 × 10 10 cm -2 ). In the Ni-C+B system, we observe cellular-lattice and band dislocational substructure. Flexural extinction con tours are present. In the Fe-C+B system, close to the boundary of the alloying zone with layer IV, the scalar dislocation density is 6.4 × 10 10 cm -2 . In α iron grains, the lattice dislocational substructure has a scalar dislo cation density of 3.6 × 10 10 cm -2 . In some grains, band dislocational substructure is observed. In the Ni-Cu and Ni-Cu+B systems, relaxation of thermoelastic stress from the alloying zone or the base is accompa nied by the formation of chaotic, lattice, and cellularlattice dislocational substructure in the grains (Fig. 4) . The scalar density of the dislocations is minimal in the dislocational chaos structure: 2.5 × 10 10 cm -2 . The maximum scalar density (7.3 × 10 10 cm -2 ) is observed in lattice substructure (the base). In the thermal influence zone, at depths of 10-15 and 30-35 μm from the boundary with the alloying zone in the Fe-Al and Fe-Cu systems, respectively, we observe chaotic, lattice, cellular-lattice, and fragmented dislocational substructure, depending on the orientation of the fer rite grains with respect to the active thermoelastic stress. In the Fe-Al system, at a depth of 25-30 μm, we observe dislocational structure of various types: chaotic, lattice, or band structure. In the Ni-B and Ni-C+B systems, we observe cellular-lattice dislo cational substructure, with scalar density (3-4) × 10 10 cm -2 . In the Fe-C system, the grains contain globular-lattice dislocational substructure (scalar density 2 × 10 10 cm -2 ). In the Ni-Cu and Ni-Cu+B systems, the structure varies from cellular to cellularlattice to lattice to chaotic forms over the depth. Cor respondingly, the scalar density of the dislocations declines from 4.2 × 10 10 to 1.2 × 10 10 cm -2 . CONCLUSIONS In single and double component electroexplosive alloying, the nanocomposite layers that form are strong and free of dislocational substructure. Close to the boundary of the alloying zone with the base and in the thermal influence zone, different types of disloca tional structure are observed on moving away from the boundary. The scalar density of dislocations varies from 7.3 × 10 10 cm -2 in the cellular-lattice substruc ture to 1.2 × 10 10 cm -2 in the dislocational chaos. With depth, we notice the following progression in types of dislocational structure: cellular structure → cellularlattice structure → lattice structure → chaotic structure.
